Objective: Despite the importance of respiration and hyperventilation in anxiety disorders, research on breathing disturbances associated with hyperventilation is rare in the field of music performance anxiety (MPA, also known as stage fright). The only comparable study in this area reported a positive correlation between negative feelings of MPA and hyperventilation complaints during performance. The goals of this study were a) to extend these previous findings to the period before performance, b) to test whether a positive correlation also exists between hyperventilation complaints and the experience of stage fright as a problem, c) to investigate instrument-specific symptom reporting, and d) to confirm gender differences in negative feelings of MPA and hyperventilation complaints reported in other studies.
Introduction
Performance anxiety is a widespread phenomenon affecting individuals across a range of activities, such as public speaking, sport, and performing arts like dancing, acting, and music.
Music performance anxiety (MPA -also referred to as stage fright) is experienced by a high percentage of professional musicians and music students (1) . A large survey of 2,212 professional orchestra musicians showed that 24% of them experienced stage fright as a problem and 16% as a severe problem (2) . Stage fright was the leading severe problem amongst the musicians surveyed.
A standardized definition of MPA is still lacking. There is a consensus that performance anxiety in musicians is characterized by noticeable apprehension about performing, which may or may not impair the quality of the performance (3) (4) (5) (6) . Recently, Kenny (4) defined MPA as "the experience of marked and persistent anxious apprehension related to musical performance (…), which is manifested through combinations of affective, cognitive, somatic and behavioral symptoms". The present article concentrates on the affective component of MPA and on self-perceived somatic symptoms, in particular on self-perceived hyperventilation complaints.
There is evidence in the literature that MPA might be associated with hyperventilation.
Performance-anxious musicians have been reported to experience symptoms such as palpitations, perspiration, a dry mouth, trembling and disturbances in their breathing patterns before and/or during performance (7) (8) (9) (10) . Amongst others, these symptoms often occur during hyperventilation problems. Hyperventilation is defined as breathing in excess of metabolic requirements. Overbreathing leads to a drop in the partial pressure of arterial CO 2 (hypocapnia) and a rise in the blood pH level (respiratory alkalosis), which can cause cerebral and peripheral vasoconstriction and thereby a deficiency in oxygen supply. Acute hyperventilation also increases neuronal excitability, leading to paresthesia, muscle cramps or even tetany (11) . Some of the physiological symptoms reported by performance-anxious musicians, whether they are respiratory (e.g. shortness of breath), central (e.g. being confused) or peripheral (e.g. cold hands), may thus be explained by the metabolic changes induced by overbreathing.
However, although hyperventilation has been mentioned occasionally as a manifestation of anxiety during musical performance (5;8), little attention has been paid to the association between MPA and hyperventilation. This is surprising considering that respiratory symptoms, such as shortness of breath, rank high among the symptoms experienced by musicians during performance (9) , and given the association between respiration and emotion (12) and more specifically anxiety disorders (13) , as well as between hyperventilation and anxiety disorders (14) .
To our knowledge, only one study has thus far investigated the association between the negative feelings of MPA 1 and hyperventilation complaints (15) . In a questionnaire survey, these authors found a high positive correlation (r=.71) between negative feelings of MPA, assessed with the state scale of the Spielberger State-Trait Anxiety Inventory (16) , and hyperventilation complaints, assessed with the Nijmegen Questionnaire (NQ) (17;18) , during performance. The study by Widmer et al. (15) further showed that women scored significantly higher than men in MPA and in hyperventilation complaints, and that on the basis of the NQ they were three times more likely than men to be classified as hyperventilators during performance. These findings are in line with other studies showing that women score consistently higher than men in MPA (2;15;19) and in hyperventilation complaints/proneness (14;15;20;21) .
No study has yet investigated the association between negative feelings of MPA and hyperventilation complaints before performance. The investigation of the pre-performance period is particularly important given that many musicians report that their apprehensions are greatest prior to the performance rather than during the performance itself (5).
Although the affective symptoms are central to the experience of MPA, high levels of anxiety do not automatically imply that stage fright is perceived as a problem. We were able to show that there is only a moderate association between the degree of anxiety experienced and the degree to which stage fright is perceived as a problem (22) . Furthermore, no study has yet investigated the association between hyperventilation complaints and the experience of stage fright as a problem. Stage fright may be considered as a problem, particularly when its (physiological) manifestations negatively influence the ability to perform. Since physiological symptoms associated with hyperventilation (e.g., cold hands, stiffness in fingers, difficulty breathing deeply) can impair a musician's ability to perform, it is particularly important to investigate the association between the subjective physiological complaints indicative of hyperventilation and the experience of stage fright as a problem.
Finally, little is known about instrument-specific symptom reporting. Wolfe (10) has provided evidence for instrument dependent differences in the experience of some physiological symptoms, however, without focussing on respiratory symptoms. Due to the particular importance of respiration for wind musicians and singers, these musicians might be particularly affected by hyperventilation complaints, especially by the respiratory symptoms.
The purpose of the present study was to extend knowledge about the possible role of breathing disturbances associated with hyperventilation in MPA. Specifically, we aimed to extend previous findings by Widmer et al. (15) in two important ways. First, whereas Widmer et al. (15) assessed the association between hyperventilation complaints and negative feelings of MPA during performance, we assessed this association before performance. We hypothesized that the more musicians score high in negative feelings of MPA before performance, the more hyperventilation complaints they report (hypothesis 1). Second, we tested whether there is a positive association between hyperventilation complaints and the experience of stage fright as a problem. We hypothesized that the more stage fright is perceived as a problem, the more hyperventilation complaints are experienced (hypothesis 2).
Furthermore, we hypothesized that wind musicians and singers score higher on the NQ than other musicians, particularly on its respiratory subscale (hypothesis 3). Finally, to confirm findings from previous research, we also investigated whether women score higher than men in hyperventilation complaints and in negative feelings of MPA (hypothesis 4).
Methods

Sample and Procedure
In spring 2007, all the students in four of Switzerland's French-speaking music universities (n=870) were contacted by mail and asked to participate in a questionnaire survey on the topic of music performance. The questionnaire was returned by 195 students (a 22% response rate).
This response rate is in the same range as other large studies using mailed questionnaires as a recruitment strategy (23;24), Five students for whom playing an instrument or singing was not the core element of their studies (e.g. students of conducting or of teaching the theoretical aspects of music) were excluded from the sample. A further 21 students had to be excluded because of incomplete data.
The final sample consisted of 169 students (61% female) from the classical music section.
Participants' age ranged from 15 to 45 years old, with a mean of 24.3 years (SD = 4.3). There were 23 vocalists (14%), 31 brass players (18%), 14 woodwind players (8%), 54 string players (32%), 33 pianists (20%) and 14 miscellaneous musicians (8%). The students ranged between the first and seventh year of their professional music education at university, with 75% in the first three years.
Questionnaire
The questionnaire assessed demographic information (gender and age) and academic information concerning the different aspects of their musical training and their instrument.
The students were asked to list their recent public solo performances. Since the purpose of this study was to investigate MPA and not test-anxiety, participants were instructed not to take into account examinations or selection contests, but to exclusively list performances outside a test context. All musicians mentioned at least one solo performance, 18 mentioned exactly one. The focus on solo performances was chosen because they have been repeatedly reported to generate higher levels of MPA than ensemble performances (25;26) . A solo performance was defined as a performance of a composition or a passage for an individual voice or instrument, with or without accompaniment.
For the hyperventilation complaints scale and the negative feelings of MPA scale, the students were asked to indicate which hyperventilation complaints and negative feelings they had experienced just before the concerts they mentioned in the list of their recent public solo performances.
-Hyperventilation complaints: Hyperventilation complaints were assessed with the Nijmegen Questionnaire (NQ) (17;18) . This consists of 16 symptoms known to often cooccur during hyperventilation problems (e.g. shortness of breath, vertigo). The questionnaire has shown its ability to discriminate between patients diagnosed with hyperventilation syndrome and patients suspected to suffer from other respiratory problems (18) . It also has been shown to correctly classify controls and patients diagnosed with hyperventilation syndrome at 93% (17) . Each item has to be rated on a 5-point rating estimated by Cronbach's alpha was shown to be higher than .90 (16) . The questionnaire consists of 20 items addressing apprehensive feelings of anxiety. Each item has to be rated on a 4-point scale (1 "not at all" to 4 "very much so"). The total score can vary between 20, indicating no anxiety at all, to 80, indicating extreme anxiety. For the purpose of our study, we adapted the instructions to music performance situations as done in other studies (15;32) . Further, we changed the verb tense from the present to the past, because we wanted to assess how the students felt before their recent public solo performances.
-Experience of stage fright as a problem: One item asked the students to evaluate whether they perceived stage fright as a problem on a 5-point rating scale (anchored by 0 "stage fright is not a problem for me", and 4 "stage fright is a major problem for me"). Since the word "stage fright" is more commonly used and understood in the everyday speech, "stage fright" was used for this item rather than the more technical term "MPA". The same item has been used by Fishbein et al. (2) and Steptoe et al. (33) in order to assess stage fright as a problem.
The questionnaire included further items on the consequences of stage fright, the need for information and support, and the use, knowledge and acceptance of coping strategies (22).
Data Reduction and Data Analysis
All statistical analyses were performed with STATA11 (Stata Statistical Software, StataCorp LP, Texas). We calculated the sum score of the STAI-S and the NQ for each student. With reference to the STAI manual (34), a student's missing values on the STAI-S were replaced by his/her mean of the completed items and rounded up to the next whole number (if not more than 10% of his/her values were missing). If more than 10% of responses were missing, then the questionnaire was eliminated from consideration. Missing values in the NQ were treated in the same way.
To test the first hypothesis, on the positive association between the NQ score and the STAI-S score before performance, we calculated the Pearson correlation between these two measures.
To test the second hypothesis, on the positive association between the NQ score and the experience of stage fright as a problem, we calculated the Pearson correlation between the NQ and the scores of the experience of stage fright as a problem. Since Widmer et al. (15) reported a consistently higher correlation between the STAI-S and the NQ for women than for men, the correlation analyses were carried out for men and women separately.
The third hypothesis, on the higher scores of wind musicians / singers on the NQ and on its subscales (respiratory and non-respiratory), was tested by three one-tailed t-tests. The respiratory subscale was composed by four items, i.e., tightness in the chest, difficulty breathing deeply, shortness of breath, fast or deep breathing, based on van Dixhoorn and Duidenvoorden (17) . The non-respiratory subscale was composed by the twelve remaining items.
The fourth hypothesis, on gender differences in the NQ and STAI-S scores, was tested by two one-tailed t-tests. We further assessed gender differences for the experience of stage fright as a problem. Since the experience of stage fright as a problem is an ordinal measure, gender differences in this variable were tested using a Chi2 test. A significance level of .05 was set for all statistical tests. 
Results
Descriptive results for the NQ and its subscales, the STAI-S, and the experience of stage fright as a problem scores are shown in Table 1 The hyperventilation complaints score, assessed with the NQ, ranged from the lowest possible score to 47. Given that the NQ score can reach a maximum score of 64, there were no students with extremely high hyperventilation complaints in our sample 3 .
Women had significantly higher STAI-S scores than men (t(167)=2. Thus, female students were 2.5 times more likely to be classified as hyperventilators before performance than their male counterparts.
The correlations between the NQ and the STAI-S and between the NQ and the experience of stage fright as a problem are shown in Table 2 . The correlation between the NQ and the STAI-S was positive and significant. Compared to the r of the entire sample, the correlation was slightly lower for women and slightly higher for men. Widmer et al. (15) reported a similar correlation for men, yet a much higher correlation for women. The scatter plot of the NQ and the STAI-S scores is depicted in Figure 1 . The correlation between the NQ and the experience of stage fright as a problem was likewise positive and significant. The correlation for women and men were identical. The scatter plot of the NQ and the experience of stage fright as a problem scores is depicted in Figure 2 .
In order to explore whether instrument-specific differences are also manifested in the correlation analyses, we calculated the correlations between (a) the NQ and the STAI-S, (b) the two subscales of the NQ and the STAI-S, (c) the NQ and the experience of stage fright as a problem, and (d) the two subscales of the NQ and the experience of stage fright as a problem for wind musicians / singers and the other musicians separately. The results are given in Table 3 . All correlations were significant (p<.05). The correlations between the nonrespiratory subscale of the NQ with both the STAI-S and the experience of stage fright as a problem were comparable between wind musicians / singers and the other musicians. The correlations between the respiratory subscale of the NQ with both the STAI-S and the experience of stage fright as a problem were somewhat lower in wind musicians / singers compared to the other musicians. The correlations between the total score of the NQ with both the STAI-S and the experience of stage fright as a problem were also slightly lower in wind musicians / singers compared to the other musicians.
Discussion
As an extension to the study by Widmer et al. (15) , which focused on hyperventilation complaints and negative feelings of MPA during performance, we investigated them before performance, since many musicians seem to reach peak anxiety before performance rather than during it (5). Correlation analyses showed a significant positive association between the Nijmegen Questionnaire (NQ) score and the state scale score of the Spielberger State-Trait Anxiety Inventory (STAI-S). Thus, an increase in feelings of MPA goes along with an increase in perceived physiological symptoms that are known to be associated with hyperventilation. Therefore, the first hypothesis on the positive association between hyperventilation complaints and negative feelings of MPA before performance could be confirmed. However, the association between the NQ and the STAI-S in our sample was lower than the one reported by Widmer et al. (15) . Importantly, this difference is mainly due Wind musicians / singers had significantly higher scores on the respiratory subscale of the NQ than other musicians. At first sight, this result may be considered as an argument in favor of tailored therapy. However, although wind musicians / singers reported respiratory symptoms more frequently than other musicians, the correlations between the respiratory subscale and both the STAI-S and the experience of stage fright as a problem were not stronger in wind musicians / singers than in other musicians. The greater frequency of respiratory symptoms in wind musicians and singers may be due to a particular, non anxiety dependent focus on the parts of the body that are particularly important for performance.
The present results further showed that female students scored significantly higher on the STAI-S than men. This is in agreement with previous studies showing that women consistently score higher in MPA than men (2;15;19). Our results also showed that female students scored significantly higher on the NQ than their male counterparts. This result confirms the findings of Widmer et al. (15) and is in accordance with previous findings looking at the general population, showing that females are more prone to report hyperventilation symptoms (14;20;21) . Thus, the third hypothesis, on the higher STAI-S scores and NQ scores in female students before performance was confirmed. There have been several proposed explanations for the gender differences in self-reported distress (35) . First, women may truly experience more distress and more symptoms. Second, women may express their emotions and symptoms more freely than men (response bias view). Third, women may respond to stress with different emotions and symptoms from men, e.g., sadness, depression in women vs. anger or addictive behavior in men (gendered response view). Interestingly, despite the fact that women report more symptoms and a higher anxiety level, there were no gender differences in the experience of stage fright as a problem. It is possible that there are indeed no gender differences in the degree to which stage fright is perceived as a problem.
However, the possibility that this result could be due to the assessment method should be kept in mind. The single item may not be sensitive enough to show gender differences. The present study further showed that based on their hyperventilation complaints, female students were 2.5 times more likely to be classified as hyperventilators. This finding is in accordance with
Widmer et al. (15) , showing that a clear majority of hyperventilators in performance was female, and that females were three times more likely to be classified as hyperventilators during performance.
Based on the standard criterion used to classify hyperventilators and non-hyperventilators, we found a comparable percentage of pre-performance hyperventilators as reported by Widmer et al. (15) during performance. More than one third of the students of the present sample were classified as hyperventilators. This percentage is astonishingly high and should be considered with caution. In fact, whereas the NQ is a valid instrument for investigating the frequency of self-perceived hyperventilation complaints (which was the main reason for its use in the present study), its convenience for the diagnosis of pathological hyperventilation and for classifying healthy persons without respiratory pathology should be reconsidered for several reasons. First, the NQ was initially created in order to assess the effect of a therapeutic treatment rather than to diagnose hyperventilation and classify patients. Despite this, the NQ has been widely used as a screening instrument (27) . Second, the classification between nonhyperventilators and hyperventilators on the basis of the NQ score has its origins in a study undertaken by van Doorn & Folgering (18) . They reported that a cut-off point between a score Finally, some possible limitations of the study should be mentioned. First, the response rate in the present sample was only 22%. However, this is within the range of the response rates of other large studies using questionnaire mailing as a recruitment strategy (23;24;38) . Further, the distribution of the STAI-S was normal and covered almost the whole range of possible anxiety scores. The same holds for the experience of stage fright as a problem. Thus, students with very different performance anxiety levels were represented in the surveyed sample.
Therefore, there was no bias in returned questionnaires due to the level of performance anxiety or its experience as a problem. Furthermore, in a previous manuscript (22), we have provided evidence that the present sample can be considered representative of the larger community of music students. Furthermore, since the main goal of the present study was to investigate correlations between variables, it seems improbable that the response rate negatively affected the correlation results. The second possible limitation is that the experience of stage fright as a problem was assessed with a single item. This may be a limitation in terms of the reliability in assessing the objective problem that stage fright causes in musicians. However, the rationale for using the single item was to assess whether the students subjectively experienced stage fright as a problem, following the same approach as previously reported by Fishbein et al. (2) and Steptoe et al. (33) . Third, MPA, the experience of stage fright as a problem, and the hyperventilation complaints were assessed retrospectively. The responses may therefore be subject to a bias due to the fading memories.
In order to limit this bias, we asked the students to recall their last public solo performances, to list them, and to reply to the questionnaire referring to these listed performances. Fourth, since asthma exacerbation is known to be related to stress, and since asthma and hyperventilation have similar symptoms, asthma should be screened for in a future study on hyperventilation and emotion.
In conclusion, we could show a positive correlation between hyperventilation complaints and negative feelings of MPA before performance. Thus, the positive correlation between hyperventilation complaints and negative feelings of MPA during performance, shown in a previous study, could be extended to the period before performance. Considering the fact that some symptoms occurring in MPA have a strong similarity to the physiological effects of overbreathing, and that there is a significant association between hyperventilation complaints and negative feelings of MPA before and during performance, there may be an underlying hyperventilation problem to MPA. Importantly, physiological symptoms associated with hyperventilation co-occurring in MPA can be highly debilitating in a profession where specialised respiration and high manual dexterity are of major importance and therefore become problematic. The positive correlation between hyperventilation complaints and the experience of stage fright as a problem adds additional weight to this view. The results of empirical studies, which might replicate these self-reported data on the physiological level, will further our knowledge on the association between MPA and breathing disturbances associated with hyperventilation. Since gender differences in hyperventilation complaints and negative feelings of MPA were confirmed in our study, particular attention should be paid to gender differences on the physiological level in the future. If the association between hyperventilation complaints in musicians and negative feelings of MPA can be confirmed at the physiological level, this finding will have important implications for the future treatment of MPA as well as for the quality of performance and for the wellbeing of professional musicians and music students. 
